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0 A heat pipe (10) including a container having a 
working fluid enclosed therein, the container com- 
prising a container body (11) in the form of a hori- 
zontal straight tube and having an evaporator portion 
(11 A), a heat insulating portion (11 B) and a con- 
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denser portion (11 C) as arranged from one end of 
the body to the other end thereof, and an upward 
hollow projecting portion (12) provided on the con- 
denser portion (1 1C) of the container body. 
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HEAT PIPE 



BACKGROUND OF THE INVENTION 



The present invention relates to heat pipes for 
use in releasing heat from heat evolving bodies in 
audio systems, copying machines, computers, etc. 

Heat pipes heretofore known include those of 
the straight tubular type which comprise a con- 
tainer in the form of a straight tube and having 
water, Freon or like working fluid enclosed therein. 

The performance of heat pipes, i.e., the amount 
of heat transport, varies according to various fac- 
tors, which include the kind of working fluid, the 
compatibility of the working fluid with the material 
of the container, the diameter of the container, the 
temperature of the heat insulating portion, the in- 
clination of the heat pipe, presence or absence of a 
wick or groove, etc. Of these factors, the inclination 
of the heat pipe greatly influences the amount of 
heat transport as shown in FIG. 35 and FIG. 36. 
Especially small variations in the inclination of the 
heat pipe as positioned nearly horizontally greatly 
alter the amount of heat transport. Further as 
shown in FIG. 37, the amount of heat transport also 
changes greatly with the diameter of the container. 

Audio devices and the like must essentially be 
lightweight and compact, and the container there- 
fore needs to be reduced in both diameter and 
length. This presents difficulty in ensuring the re- 
quired amount of heat transport. Furthermore, the 
heat pipe for use in such devices must generally 
be installed horizontally. This is also a great factor 
to result in a reduced amount of heat transport. 
Moreover, the amount of heat transport is greater 
when the working fluid is water than when it is 
Freon as will be apparent from FIGS. 35 and 36, so 
that water is used as the working fluid in the case 
where the heat pipe is installed horizontally. It is 
then impossible to use aluminum as the material 
for the container, necessitating the use of copper 
for the container. This makes it difficult to reduce 
the weight of the heat pipe. 

In the case where the straight tubular heat pipe 
is used in audio devices or the like, a heat evolving 
body is attached to one end of the pipe, and the 
other end thereof serves as a condenser portion. It 
is then diffficult to design the heat pipe so as to be 
accommodated in the case of the device since the 
heat pipe needs an increased length. 
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provide a heat pipe which ensures transport of the 
required amount of heat even when installed in a 
horizontal position and which can nevertheless be 
made light-weight and compact. 

The present invention provides a heat pipe 
including a container having a working fluid en- 
closed therein, the container comprising a con- 
tainer body in the form of a horizontal straight tube 
and having an evaporator portion, a heat insulating 
portion and a condenser portion as arranged from 
one end of the body to the other end thereof, and 
an upward hollow projecting portion provided on 
the condenser portion of the container body. 

The present invention provides another heat 
pipe comprising a plurality of containers having a 
working fluid enclosed therein and arranged side 
by side, each of the containers being in commu- 
nication with another container adjacent thereto, 
each of the containers comprising a container body 
in the form of a horizontal straight tube and having 
an evaporator portion, a heat insulating portion and 
a condenser portion as arranged from one end of 
the body to the other end thereof, and an upward 
hollow projecting portion provided on the condens- 
er portion of the container body. 

When the heat pipe of the present invention is 
in operation, the working fluid in the form of a gas 
is not only liquefied in the condenser portion of the 
container body but also flows from the condenser 
portion into the projecting portion, where the gas- 
eous fluid is liquefied. Accordingly, the gaseous 
working fluid flows from the evaporator portion into 
the condenser portion smoothly, consequently 
transporting a larger amount of heat than in the 
case of the conventional straight tubular heat pipe. 
For transporting the same amount of heat as in the 
conventional heat pipe, the condenser portion can 
be shorter to make the heat pipe compact and 
lightweight- Moreover, heat can be transported in 
an amount not smaller than is the case with the 
conventional heat pipe of the straight tubular type 
even with use of Freon as the working fluid. The 
use of Freon permits the use of aluminum for the 
container to achieve a greater weight reduction. 

A plurality of such heat pipes which are effi- 
cient and compact are arranged side by side to 
provide the heat pipe of the second type, which 
therefore achieves an extremtly high efficiency and 
is compacted. 
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SUMMARY OF THE INVENTION 



BRIEF DESCRIPTION OF THE DRAWINGS 



The main object of the present invention is to 



FIGS. 1 to 8 show heat pipes according to a first 
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embodiment of the Invention ; 
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performance of conventional heat pipes 



Embodiments of the nrpc^n* • 



Embodiment 1 



comprises a container body . , in 
2" horizontal straight tube and hi ^ 
portion UA a heat .LT^ ^" ^^^P^^^tor 
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working ^as^^'^d a^ th s ^^^^^ 

gaseous working flu.d news a 
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temperature difference measured between opposite 
ends P7. PS of the evaporator portion was 30* C. 

The results of the two examples of comparative 
tests reveal that the heat pipe of the invention is 
exceedingly greater than the conventional heat 
pipe in the amount of heat transport. 



Embodiment 2 

10 

FIGS. 9 to 17 show heat pipes according to a 
second embodiment of the invention. 

With reference to FIG. 9, the heat pipe has an 
L-shaped container 60 which has an unillustrated 
working fluid enclosed therein. 'S 

With reference to FIG. 10. the container 60 is 
formed by two plates 61. 62 each bulging away 
from the other and each made of an aluminum 
brazing sheet. The plates 61, 62 are L-shaped 
when seen from one side and respectively have 20 
horizontal portions 61 A. 62A to be made into the 
body of the container, and vertical portions 61 B, 
62B to be made into a projecting portion. The 
plates 61. 62 are flanged as at 63. 64, respectively, 
along the periphery. The plates 61, 62 are so 25 
arranged that the flanges 63. 64 are fitted to each 
other, and are joined together at the flanges 63, 64 
by brazing. A working fluid injection tube 65 is held 
between the outer ends of the horizontal portions 
61 A. 62A of the plates 61 . 62. A vertical corrugated 30 
fin 66 is brazed, at the ridge or furrow portions on 
one side thereof, to the outer surface of each of the 
vertical portions 61 8. 628 of the plates 61 , 62. 

Next, two modifications of the container 60 will 
be described with reference to FIGS. 11 to 15. 35 



These two modifications resemble the container of 
FIG. 9 closely, so that throughout the drawings 
concerned. like parts are designated by like refer- 
ence numerals or symbols for a brief description. 

The horizontal portions 61 A, 62A of plates 61, 
62 of the container 60 shown in FIGS. 11 to 13 are 
respectively formed with horizontal beads 67. 68 
inwardly protruding, having a U-shaped cross sec- 
tion, and opposed to and butting on each other, 
whereby a looped path is formed as in the case of 
the first embodiment for allowing the working fluid 
to smoothly flow therethrough. The plates 61, 62 
have vertical portions 618. 628 each formed with a 
plurality of inwardly protruding beads 71 or 72 U- 
shaped in cross section. The beads of one of the 
plates are opposed to and butt on the beads of the 
other plate in pairs to form vertical parallel pas- 
sages. 

The horizontal portions 61 A. 62A of plates 61, 
62 of the container 60 shown in FIGS. 14 and 15 
provide an evaporator portion and a heat insulating 
portion, where the horizontal portions have a width 
across flat Tl which is larger than the width across 



flat T2 of the condenser parts of the horizontal 
portions 61 A. 62A and of vertical portions 618. 
628. 

According to the second embodiment, a tubular 
member separate fronrr the joined plates 61. 62 is 
held between the plates 61. 62 to provide the 
i.njection tube 65. As seen in FIGS. 16 and 17, 
however, half tube segments 73. 74 for forming a 
tube when joined together may be formed integ- 
rally with the respective plates 61. 62. such that the 
half tube segments 73, 74 are joined together into 
the injection tube 65 when the plates 61. 62 are 
joined together. Embodiment 3 

FIGS. 18 to 25 show heat pipes according to a 
third embodiment. 

The heat pipes according to the third embodi- 
ment comprise an L-shaped container 80 like the 
second embodiment. The container 80 is formed 
by a bulged plate 81 and a flat plate 82. As is the 
case with the second embodiment, the plates 81, 
82 respectively have horizontal portions 81 A. 82A 
and vertical portions 818. 828. The bulged plate 81 
is made of a brazing sheet as in the second 
embodiment, while the other plate 82 which is flat 
is made of an extrudate. The bulged plate 81 has a 
flange 83 which is fitted and brazed to the periph- 
eral portion of the other plate 82. The flat plate 82 
has an inwardly projecting wall 84 at the middle of 
height of its horizontal portion 82A. whereby a 
looped path is formed inside the container 80. A 
corrugated plate 85 is interposed between the inner 
surfaces of the vertical portions 818. 828 of the 
plates 81. 82 to thereby form vertical parallel pas- 
sages between the vertical portions 818. 828. A 
corrugated fin 86 is joined to the outer surface of 
each plate vertical portion 818 or 828. A working 
fluid injection tube 87 is held between the outer 
ends of the horizontal portions 81 A. 82A of the 
plates 81, 82. As seen in detail in FIG. 21. the 
40 injection tube 87 is in the form of partly collapsed 
circle in cross section. 

The injection tube 87 of the third embodiment, 
which is formed in the same manner as in the 
second embodiment, may alternatively be provided 
45 by forming an insertion hole 88 in the end of the 
bulged plate 81 and mechanically crimping the 
injection tube 87 to the hole-defining edge portion 
as seen in FIGS. 22 and 23. Further as shown in 
FIGS. 24 and 25, an insertion hole 89 may alter- 
so natively be formed in a side portion of the bulged 
plate 81 . 

Embodiment 4 
55 ~ 

FIGS. 26 to 30 show another heat pipe as a 
fourth embodiment of the invention. 

The heat pipe has four containers 90 arranged 
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side by side- As seen in FIG. 30. each of the 
containers 90 is formed by two plates 91. 92 joined 
together and each bulging away from the other. 
These plates 91. 92 closely resemble those of the 
second embodiment shown in FIG. 10 and respec- 
tively have horizontal portions 91 A. 92A, and verti- 
cal portions 91 B. 92B. However, they differ from 
those of the second embodiment in that the vertical 
portions 918, 928 are formed at their outer ends 
with communicating parts 93, 94 projecting side- 
wise, and in that each of these parts 93, 94 is 
formed with two communicating openings 95 or 96 
as arranged one above the other. As shown in FIG. 
26, the foremost plate 91 and the rearmost plate 92 
have no communicating opening. The plates 91 . 92 
forming each container 90. like the plates 61. 62 
shown in FIG. 10. are so arranged that flanges 97. 
98 are fitted and brazed to each other. The com- 
muncating part 93 of each container 90 is brazed 
to the communicating part 94 of another container 
90 adjacent thereto at the edges around the open- 
ings 95, 96. whereby the vertical portions 918. 92B 
including the communicating parts 93, 94 are 
adapted to provide a continuous header tank. Fur- 
ther a corrugated fin 99 is interposed between the 
plate vertical portions 91 B, 928 of the adjacent 
containers 90. at the position where the commu- 
nicating parts 93, 94 are not formed. With refer- 
ence to FIG. 26. a corrugated fin 100 is provided 
on the outer side surface of the vertical portion 91 B 
or 92B of each of the fore most plate 91 and the 
rearmost plate 92. at over the area thereof where 
the communicating part 93 or 94 is not formed. As 
seen in FIG. 26. a working fluid injection tube 101 
is held between the outer ends of horizontal por- 
tions 91 A. 92A of the plates 91. 92 of the foremost 
container 90. 



Claims 

1. A heat pipe including a container having a work- 
ing fluid enclosed therein, the container compris- 
ing: 

a container body in the form of a horizontal straight 
tube and having an evaporator portion, a heat in- 
sulating portion and a condenser portion as ar- 
ranged from one end of the body to the other end 
thereof, and 

an upward hollow projecting portion provided on 
the condenser portion of the container body. 

2. A heat pipe as defined in claim 1 wherein the 
container body is internally provided with a hori- 
zontal partition to form a working fluid passage at 
each of its opposite ends. 

3. A heat pipe as defined in claim 1 wherein the 
upward projecting portion is internally provided with 
at least one vertical partition wall so as to form a 



working fluid passage at the upper end of the 
projecting portion. 

4. A heat pipe as defined in claim 1 wherein 
radiator fins are externally provided on the con- 

5 denser portion of the container body and on the 
projecting portion. 

5. A heat pipe as defined in claim 1 wherein the 
container body and the projecting portion are made 
of separate tubular members individually, and the 

70 tubular member forming the container body is 
formed with an upward aperture at the portion 
thereof providing the condenser portion, the tubular 
member forming the projecting portion having a 
lower end inserted in the aperture and joined to the 

15 apertured edge portion of the body forming tubular 
member. 

6. A heat pipe as defined in claim 1 wherein the 
container body and the projecting portion are 
formed by two plates joined together and each 

20 bulging away from the other, each of the plates 
being L-shaped when seen from one side and 
having a horizontal portion forming the container 
body and a vertical portion forming the projecting 
portion. . 

25 7 A heat pipe as defined in claim 6 wherein the 
horizontal portion of^each of the plates has an 
inwardly protruding bead U-shaped in cross sec- 
tion, the beads of the plates being opposed to and 
butting on each other to form a horizontal partition. 

30 8 A heat pipe as defined in claim 6 wherein the 
vertical portion of each of the plates has a plurality 
of inwardly protruding beads U-shaped in cross 
section, the beads of one of the plates being op- 
posed to and butting on the beads of the other 

35 plate in pairs to form vertical parallel partition walls. 

9. A heat pipe as defined in claim 6 wherein a 
corrugated fin is joined to the outer surface of the 
vertical portion of each plate. 

10. A heat pipe as defined in claim 6 wherein the 
40 horizontal portions of the plates are smaller than 

the vertical portions thereof in width across flat. 

1 1 . A heat pipe as defined in claim 1 wherein the 
container body and the projecting portion are 
formed by a flat plate and a bulged plate joined to 

45 the flat plate, and each of the two plates is L- 
shaped when seen from one side and has a hon- 
zontal portion forming the container body and a 
vertical portion forming the projecting portion. 

12 A heat pipe as defined in claim 11 wherein the 
50 horizontal portion of the flat plate is formed with an 

inwardly projecting wall for forming a horizonpar- 
tition. 

13 A heat pipe as defined in claim 11 wherein a 
corrugated plate is interposed between the inner 

55 surfaces of the vertical portions of the plates for 
forming vertical parallel partition walls. 

14 A heat pipe as defined in claim 11 wherein a 
corrugated fin is joined to the outer surface of the 
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vertical portion of the bulged plate. 
15. A heat pipe comprising a plurality of containers 
having a working fluid enclosed therein and ar- 
ranged side by side, each of the containers being 
in communication with another container adjacent 
thereto, each of the container comprising: 
a container body in the form of a horizontal straight 
tube and having an evaporator portion, a heat in- 
sulating portion and a condenser portion as ar- 
ranged from one end of the body to the other end i 
thereof, and 

an upward hollow projecting portion provided on 
the condenser portion of the container body. 
16. A heat pipe as defined in claim 15 wherein the 
container body and the projecting portion are n 
formed by two plates joined together and each 
bulging away from the other, each of the plates 
being L-shaped when seen from one side and 
having a horizontal portion forming the container 
body and a vertical portion forming the projecting 2C 
portion, each of the plates being formed with a 
communicating part projecting laterally from the 
vertical portion, the communicating part of each 
container being joined end-to-end to the commu- 
nicating part of another container adjacent thereto, 25 
a communicating opening being formed in the re- 
sulting joint. 

17. A heat pipe as defiend in claim 16 wherein a 
corrugated fin is interposed between the opposed 
vertical portions of the adjacent containers over the 30 
area where no communicating part is provided. 
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